histopathological, and immunopathological disorders occurring in rheumatoid arthritis (Fassbender, 1971; Feltkamp, 1966 Glynn, 1972; Lindner, 1971; Muller, 1971) , and reports on the submicroscopical structure of the normal synovial membrane (Barland, Novikoff, and Hamerman, 1962) and of the synovial tissue in rheumatoid arthritis (Bhan and Roy, 1971; Marin, Negoescu, Stoia, Pierrette, Petrescu, and Constantinescu, 1969; Norton and Ziff, 1966) have been published. From this work suggestions arose concerning a possible aetiological agent in rheumatoid arthritis. It has been demonstrated that aggregates of tubular structures (TS), morphologically resembling uncapsulated nucleocapsids of paramyxoviruses may be present in the cytoplasm of endothelial cells of blood vessels occurring in rheumatoid synovial tissue (Gyorkey, Min, and Gyorkey, 1969a) . The presence of nuclear bodies and virus-like particles in the cells of the rheumatoid synovial membrane (Neumark and Farkas, 1970; Neumark, Hollos, and Farkas, 1971) is also suggestive of a virus involvement. The possible role of bacterial (Svartz, 1972) or mycoplasma infection (Jansson, Makisara, Vainio, Sneliman, and Tuuri, 1971a; Jansson, Maikisara, Vainio, Vainio, Snellman, and Tuuri, 1971b; Williams, Brostoff, and Roitt, 1970) in the development of rheumatoid arthritis has also been suggested. The purpose of this paper is to present the electron and light microscopical observations in tissues of patients with rheumatoid arthritis as well as the serological findings and to discuss our data in comparison with those described by other investigators.
Material and methods Synovial membrane was obtained during operation from the finger or wrist joints of 25 patients with definite rheumatoid arthritis (Kellgren, 1962) (Table I) , and from five patients with traumatic joint lesions of the knee, and from eight patients with degenerative joint lesions of the hip (Table II) . Samples ofreaction tissues developed round implanted silastic material in three patients were also examined (Table II) . The group of 25 patients suffering from rheumatoid arthritis consisted of seven males and eighteen females, whose ages varied from 16 to 70 years. The control group of sixteen patients consisted of three males and thirteen females whose ages ranged from 3 to 80 years. After the operation the tissues were immediately fixed in a solution of glutaraldehyde and paraformaldehyde in 0-1 M phosphate buffer pH 7-4 (Karnovsky, 1965) for a period varying from 1 hour to several days. After having been rinsed for 1 hour in 0-1 M phosphate buffer pH 7-4, the material was either dehydrated by increasing concentrations of ethanol and embedded in paraplast for the light microscopy or post-fixed in an ice-cold solution of 1 per cent. osmium tetroxide in phosphate buffer at pH 7-5 (Millonig, 1961) for electron microscopy. After post-fixation the tissue blocks were dehydrated as described above and subsequently embedded in Epon.
Paraplast sections of 4,u were stained with periodic acid-Schiff (PAS) and with phosphotungstic acid haematoxylin (PTAH). These sections were investigated according to the six criteria of Lindner (1971) .
For electron microscopy, ultrathin sections (40-S50nm) of two tissue blocks from each specimen were cut with glass knives on a Reichert ultra-microtome, and stained with uranyl acetate for 20 min. and then with lead hydroxide for 10 min.
The tissue blocks from one patient with rheumatoid arthritis were fixed, embedded, and stained according to the method of Bemhard (1969 (Feltkamp and van Rossum, 1968; van Loghem-Langereis, 1954 ) and the latex-fixation test (LFT) (Singer and Plotz, 1956 ). The serological test for the presence of antiperinuclear factors (APF) was done according to the method described byNienhuis and Mandema (1964) .
Results
The serological histopathological, and electron microscopical findings are summarized in Tables I   and II .
Serology
In only four of the 25 patients suffering from rheumatoid arthritis were ANA detected before dissociation of the serum. After dissociation of the serum sixteen ANA negative sera became positive for the presence of hidden ANA. In the control group none of the patients showed ANA. If the RT and LFT were taken together, twelve of the 25 patients with rheumatoid arthritis showed negative results. When the APF was also included, only seven patients showed negative results. The RT and LFT of one patient of the control group were 1:128 and 1: 640 respectively and the test for APF in two other patients of this group was positive. Light microscopy The six criteria of Lindner (1971) Three patients from the control group showed a minimal proliferation of the synovial membrane and three showed an infiltration of mononuclear cells.
Electron microscopy
The synovial lining layer consists of three cell types (Fig. 2) .
The first type (A cell) is characterized by numerous lysosomal organelles, a well-developed Golgi apparatus, several mitochondria, and a few lamellae of the rough endoplasmic reticulum (Fig. 3 ). There is a large, polygonal nucleus, the nuclear chromatin being concentrated in a narrow rim along the nuclear membrane.
The second type (B cell) has a well-developed rough endoplasmic reticulum and Golgi apparatus, numerous mitochondria, few lysosomal organelles, and bundles of fibrillar material (Fig. 4) . The nucleus has the same appearance as in the A cell.
The third type (intermediate) contains numerous lysosomal organelles and a well-developed rough endoplasmic reticulum (Fig. 5) (Fig. 7) . plasm contains many cell organelles and some bundles of filaments. The deeper layer of the rheumatoid synovial membrane shows a distinct increase in macrophages, plasma cells, and mast cells. In the synovial membrane of 23 patients suffering from rheumatoid arthritis, the cytoplasm of certain cells that bear a morphological resemblance to histiocytic cells shows aggregates of comma-shaped structures (CS). These cells have a more or less elongated form; the cytoplasm contains some rough endoplasmic reticulum, a few vacuoles, occasionally lysosomal organelles, and some mitochondria (Fig. 9) . These cells belong to the deeper layer of the synovial membrane. The CS are slightly curved and seem to be confined by a double-layered membrane. The outer Remarkable is the large nucleus and the abundance of cell organelles as the rough endoplasmic reticulum (asterisks), the Golgi apparatus (triangle), and the mitochondria (crossed arrows).
x 10,500 diameter amounts to about 24 nm. and the inner diameter to about 12 nm. The length varies from 100 to 300 nm. The structures contain material with a more electron dense appearance than the surrounding cytoplasmic matrix (Fig. 10) . A distinct connection between these structures and intracytoplasmic membranes has never been observed. The CS were never found in the other cell types of the rheumatoid synovial membrane.
CS were not observed in synovial tissue from patients with traumatic and degenerativejoint lesions. They were, however, found to be present in cells of reaction tissue, developed after an implantation of silastic material. The staining method of Bernhard (1969) did not give an indication for RNA in these CS.
One patient suffering from rheumatoid arthritis showed the presence of aggregates of TS in the cytoplasm ofendothelial cells of the blood vessels and of infiltrated lymphoid cells.
In the control group these aggregates of TS were never observed. complexes, consisting of nuclear antigens and antibodies to nuclear antigens. The importance of the test for APF for the diagnosis of rheumatoid arthritis and for the differential diagnosis with regard to lupus erythematosus has been mentioned in the literature (Marmont, Damasio, Bertorello, and Rossi, 1967; Nienhuis and Mandema, 1964 An extensive submicroscopical investigation of the cells in the synovial membrane revealed that only the synovial tissue of the above mentioned patient with rheumatoid arthritis, contained TS in some endothelial cells and lymphoid cells. This confirms the findings described in an earlier report (Gyorkey and others, 1969a) , and also indicates that the presence of TS in rheumatoid synovial tissue is rare. During our submicroscopical study we were not able to confirm the observations of Neumark and Farkas (1970) and Neumark and others (1971) , who demonstrated the presence of nuclear bodies, virus-like particles, and nucleocapsid-like structures in rheumatoid material. The occurrence of CS in certain cells of the rheumatoid synovial membrane was striking; these cells have a morphological resemblance to histiocytic cells. The structures are slightly curved, are never found in the dilated cisternae of the endoplasmic reticulum, never show a distinct perinuclear localization, and do not occur in the cytoplasm ofendothelial cells. We were not able to find any hint ofthe presence of RNA in these structures. We concluded that CS cannot be identified with the TS observed in patients with autoimmune and non-autoimmune diseases (Feltkamp-Vroom, and Helder, 1972; Gyorkey, Min, Sinkovics, and Gyorkey, 1969b; Helder, Blomjous, Feltkamp-Vroom, and van Loghem, 1971; Norton, Velayos, and Robison, 1970) . The CS found in rheumatoid synovial tissue bear a very close morphological resemblance to the cytoplasmic membranous complex in histiocytosis X (Basset, Escaig, and Le Crom, 1972 Finally, these rheumatoid tissues were used in our laboratory in an attempt to confirm the transfer experiments of Warren, Marmor, Liebes, and Hollins (1969) , who succeeded in transmitting rheumatoid arthritis from men to mice. We were not able to transfer rheumatoid arthritis by injecting cell-free filtrates of rheumatoid tissues intraperitoneally into mice (Kruit, Feltkamp, de Blecourt, and Nienhuis, 1973) .
Summary
Electron and light microscopical and serological observations are described in 25 patients with rheumatoid arthritis, in thirteen patients suffering from other joint lesions, and in three patients with silastic implants. Dissociation of the sera from rheumatoid patients revealed more sera with detectable antinuclear antibodies, compared with the routine antinuclear antibodies determination. The value of the test for antiperinuclear factors in the serum for the diagnosis of rheumatoid arthritis is stressed.
The light microscopy was performed using the six criteria of Lindner (1971) . In certain cells with a histiocytic cell-like morphology, electron microscopy showed flattened comma-shaped structures. These cells were found not only in rheumatoid synovial tissue, but also in reaction tissue developed after the implantation of silastic material. So-called tubular structures were found in some endothelial cells of only one patient suffering from rheumatoid arthritis. 
